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Abstract 
7R PDQDJH FRPSOH[LW\ DQG WR FUHDWH DQ LQWHJUDWHG XQGHUVWDQGLQJ RI 366 LQQRYDWLRQ SURFHVVHV D PRGHO JULG FRQWDLQLQJ 
LQGLYLGXDOPRGHOVRIDFROODERUDWLYHUHVHDUFKFHQWHUZDVFUHDWHG7KLVHQDEOHVWKHH[SOLFLWUHSUHVHQWDWLRQRIH[LVWLQJNQRZOHGJH
ZLWKLQDQGIRUWKHLQQRYDWLRQSURFHVVDQGVXSSRUWVGDWDDQGLQIRUPDWLRQVKDULQJWKURXJKLOOXVWUDWLRQRILQWHUDFWLRQVDQGLQWHUIDFHV
EHWZHHQ WKHPRGHOV:KHUH FRQYHQWLRQDOPRGHOV IRFXV WKH LQWHUQDO VLWXDWLRQ WKHPRGHOJULG LQWHJUDWHVPRGHOV WKDW FRYHU WKH
VRFLRWHFKQLFDOHFRQRPLFDQGSDWHQWVLWXDWLRQDWWKHHQYLURQPHQWRIWKHLQQRYDWLRQSURFHVVDVZHOODVFXVWRPHUEHKDYLRU7KLV
SURYLGHVDQHQKDQFHGYLHZRQ366DQGFDQFUHDWHVLJQLILFDQWEHQHILWVLIDSSOLHGWRLQGXVWULDO366LQQRYDWLRQSURFHVVHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH&RQIHUHQFHLVFRFKDLUHGE\3URI'DQLHO%ULVVDXG	3URI
;DYLHU%28&+(5
.H\ZRUGV3URGXFW6HUYLFH6\VWHPLQQRYDWLRQSURFHVVPRGHOLQJPRGHOJULG
1. Introduction 
7KH SURFHVV IURP FXVWRPHU GHPDQG RYHU 3URGXFW6HUYLFH
6\VWHP 366 GHYHORSPHQW WR WKH XVDJH RI 366 E\ WKH
FXVWRPHU FDQ EH FRQVLGHUHG DV LQQRYDWLRQ SURFHVV RI 366
7KLVSURFHVVLVFKDOOHQJLQJ7KHLQWHUQDODQGH[WHUQDODVSHFWV
WKDW KDYH WR EH FRQVLGHUHG DUH PDQLIROG YDULRXV GLVFLSOLQHV
DUH LQYROYHG DQG WKH XQGHUO\LQJ SURGXFW LWVHOI LV RIWHQ
WHFKQLFDOO\ FKDOOHQJLQJ >@>@ (IILFLHQW DQG HIIHFWLYH
FROODERUDWLRQLVDQLPSRUWDQWIDFWRUIRUWKHRYHUDOOVXFFHVVRI
WKHGHYHORSPHQWRI366LQWKLVPXOWLIDFHWHGHQYLURQPHQW7R
FRSHZLWK WKLVFRPSOH[LW\YDULRXVGLIIHUHQWPRGHOVDUHXVHG
E\ GLIIHUHQW GLVFLSOLQHV ZLWKLQ WKH LQQRYDWLRQ SURFHVVHV RI
366 7KLV PDNHV DVSHFWV VXFK DV GDWD FRQWLQXLW\ EHWZHHQ
PRGHOV LQWHUIDFHV DQG PRGHO VKDULQJ DV ZHOO DV JHQHUDO
XQGHUVWDQGLQJ RI H[LVWLQJ PRGHOV DQG WKHLU LQWHUDFWLRQV
FKDOOHQJLQJ +RZHYHU WKLV LV QHFHVVDU\ LQ RUGHU WR UHGXFH
FRPSOH[LW\ DOORZ EHWWHU FROODERUDWLRQ DQG WKXV WR FUHDWH
EHWWHU366LQDZD\RIVDYLQJGHYHORSPHQWFRVWDQGWLPHDQG
LQFUHDVLQJWKH366¶VTXDOLW\
7KH FROODERUDWLYH UHVHDUFK FHQWHU ³6)%  ±0DQDJLQJ
F\FOHV LQ LQQRYDWLRQ SURFHVVHV ± ,QWHJUDWHG GHYHORSPHQW RI
3URGXFW6HUYLFH6\VWHPV EDVHG RQ WHFKQLFDO SURGXFWV´
IRFXVVHVRQ WKHPDQDJHPHQWRI366 LQQRYDWLRQSURFHVVHV ,W
FRQVLVWV RI  UHVHDUFK JURXSV ZLWKLQ  RUJDQL]DWLRQDO XQLWV
RXW RI  GLIIHUHQW GLVFLSOLQHV PHFKDQLFDO HQJLQHHULQJ
SV\FKRORJ\ HFRQRPLFV DQG FRPSXWHU VFLHQFH :LWKLQ WKLV
JURXSLQGLYLGXDOPRGHOVIRFXVLQJRQDYDULHW\RIIDFHWVRI
366 LQQRYDWLRQSURFHVVHVZHUHGHYHORSHG7KHVHPRGHOVDUH
LQWHUFRQQHFWHG%HLQJDVVLJQDEOHWRWKHGLIIHUHQWSKDVHVRIWKH
366 LQQRYDWLRQ SURFHVV WKH RYHUDOO PRGHO QHWZRUN RIIHUV D
VLJQLILFDQW DPRXQW RI FRPSOH[LW\ DQG FDQQRW EH HDVLO\
XQGHUVWRRG GXH WR WKH RYHUZKHOPLQJ DPRXQW RI LQIRUPDWLRQ
DQG WKH KLJK LQWHUFRQQHFWHGQHVV RQ PXOWLSOH OHYHOV
1HYHUWKHOHVV ZLWKLQ WKH FROODERUDWLYH UHVHDUFK FHQWHU D
FRPPRQXQGHUVWDQGLQJRIWKHUHODWLRQVEHWZHHQWKHVHPRGHOV
LVFUXFLDOIRUWKHVXFFHVVRIWKHRYHUDOOUHVHDUFKJRDO
7R KDQGOH FRPSOH[LW\ DQG WR FUHDWH DQ LQWHJUDWHG
XQGHUVWDQGLQJZLWKLQ WKLVZRUN DQ LQWHJUDWLQJPRGHO JULG LV
GHYHORSHGWRLGHQWLI\LQWHUDFWLRQVDQGLQWHUIDFHVDUHGHILQHGWR
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HQDEOH GDWD FRQWLQXLW\ EHWZHHQ WKHVH PXOWLGLVFLSOLQDU\
PRGHOV 7KLV DOORZV LQFUHDVLQJ WKH RYHUDOO V\VWHP
XQGHUVWDQGLQJ RI DOO SDUWLFLSDQWV HQDEOHV IRU H[SOLFLW
UHSUHVHQWDWLRQ RI H[LVWLQJ NQRZOHGJH ZLWKLQ DQG IRU WKH
LQQRYDWLRQSURFHVVDQGVXSSRUWVGDWDDQGLQIRUPDWLRQVKDULQJ
EHWZHHQWKHPRGHOV$GGLWLRQDOO\WRFODVVLFPRGHOVUHJDUGLQJ
WKHLQWHUQDOVLWXDWLRQRIWKH366LQQRYDWLRQSURFHVVWKHPRGHO
JULG LQWHJUDWHV PRGHOV WKDW FRYHU WKH VRFLRWHFKQLFDO
HFRQRPLF DQG SDWHQW VLWXDWLRQ DW WKH HQYLURQPHQW RI 366
LQQRYDWLRQ SURFHVV DV ZHOO DV VSHFLILF FXVWRPHU EHKDYLRU
7KHUHE\ WKH FROOHFWLYLW\ RI WKHVH PRGHOV DOORZV IRU DQ
HQKDQFHG YLHZRQ366 DQG FDQ FUHDWH VLJQLILFDQW EHQHILWV LI
DSSOLHGWRLQGXVWULDO366LQQRYDWLRQSURFHVVHV
%HIRUH ZH LOOXVWUDWH WKH PHWKRGRORJ\ RI RXU ZRUN LQ
VHFWLRQ  ZH SURYLGH VRPH EDFNJURXQG LQIRUPDWLRQ RQ WKH
LQQRYDWLRQ SURFHVVHV RI 366 DQG WKH FROODERUDWLYH UHVHDUFK
FHQWHULQVHFWLRQ6HFWLRQGHVFULEHVWKHGHYHORSPHQWRIWKH
PRGHOJULGLQGHWDLODQGSURYLGHVWKHJUDSKDQGPDWUL[EDVHG
DQDO\VLV UHVXOWV RI WKH PRGHO JULG $ GLVFXVVLRQ RI RXU
UHVHDUFK UHVXOWV LV JLYHQ LQ VHFWLRQ  EHIRUH VHFWLRQ 
FRQFOXGHVWKHSDSHUDQGJLYHVDQRXWORRNIRUWKHQH[WUHVHDUFK
VWHSV
2. Background information 
 ,QQRYDWLRQSURFHVVHVRI366
:HXVHDGHILQLWLRQRIWKHWHUP366WKDWHVSHFLDOO\IRFXVHV
RQ WKH UHOHYDQW DVSHFWV LQ WKH FRQWH[W RI F\FOH PDQDJHPHQW
IURP>@ZKRGHULYHG WKLVGHILQLWLRQEDVHGRQ WKHGHILQLWLRQV
RI>@>@
³$ 3URGXFW6HUYLFH 6\VWHP 366 LQWHJUDWHV SURGXFW DQG
VHUYLFH FRPSRQHQWV ZKHUHE\ WKH SURGXFW FRPSRQHQWV PD\
FRQVLVWRIPHFKDQLFVHOHFWULFVHOHFWURQLFVDQGVRIWZDUH,QWKH
FRQWH[W RI F\FOH PDQDJHPHQW IRU LQQRYDWLRQ SURFHVVHV WKH
G\QDPLFV DQG FRPSOH[LW\ LQYROYHG LQ XQGHUVWDQGLQJ
SODQQLQJ DQG PDQDJLQJ 3URGXFW6HUYLFH 6\VWHPV DUH RI
SDUWLFXODULQWHUHVW´
,Q WKLVFRQWH[W F\FOHV FDQEHGHILQHGDIWHU >@DV WHPSRUDOO\
RUVWUXFWXUDOO\UHRFFXUULQJSDWWHUQVZKLFKPD\EHGLYLGHGLQWR
SKDVHV ZKLFK FRPSULVH WKH IHDWXUHV RI UHSHWLWLRQ SKDVHV
GXUDWLRQWULJJHUDQGHIIHFWV>@
)LJLOOXVWUDWHVWKHFRPSRQHQWVRI366


)LJ6FKHPHRID366>@
7XNNHU>@GLIIHUHQWLDWHVWKUHHFDWHJRULHVRI366
x 3URGXFWRULHQWHGVHUYLFHWKHEXVLQHVVPRGHOIRFXVHVRQD
FRQYHQWLRQDOVDOHRIDSURGXFWZLWKVRPHH[WUDVHUYLFHV
DGGHG
x 8VHRULHQWHGVHUYLFHWKHSURGXFWLVRZQHGE\WKHSURYLGHU
DQGVRPHWLPHVVKDUHGE\DQXPEHURIXVHUVZKLOHLWVWLOO
SOD\VDFHQWUDOUROHLQWKHEXVLQHVVPRGHO
x 5HVXOWRULHQWHGVHUYLFHV&XVWRPHUVDQGFOLHQWVDJUHHRQD
UHVXOWZLWKRXWWKHLQYROYHPHQWRIDSUHGHWHUPLQHGSURGXFW
:HXVHWKH WHUPLQQRYDWLRQSURFHVVLQWKHFRQWH[WRI366
EDVHG RQ WKH EDVLF PRGHO RI LQQRYDWLRQ SURFHVVHV RI >@
LOOXVWUDWHG LQ )LJ  7KH PRGHO VXEGLYLGHV WKH LQQRYDWLRQ
SURFHVVLQWRVHYHQGLVFUHWHSKDVHVHPEUDFLQJWKHDSSHDUDQFH
RIFXVWRPHUGHPDQGLWVDQDO\VLVLGHDJHQHUDWLRQSURGXFWDQG
VHUYLFHGHVLJQSURGXFWLRQLQWURGXFWLRQDQGXVDJHRIWKH366
7KH GRXEOHWUDFNHG EXV FRQQHFWLQJ WKH SKDVHV HPSKDVL]HV
WKHF\FOLFFKDUDFWHURILQQRYDWLRQSURFHVVHV>@


)LJ%DVLFPRGHORIWKHLQQRYDWLRQSURFHVV>@
 5HVHDUFKFROODERUDWLRQ³6)%´
7KH JRDO RI &ROODERUDWLYH 5HVHDUFK &HQWHU ³6)%  ±
0DQDJLQJ F\FOHV LQ LQQRYDWLRQ SURFHVVHV ± ,QWHJUDWHG
GHYHORSPHQW RI 3URGXFW6HUYLFH 6\VWHPV EDVHG RQ WHFKQLFDO
SURGXFWV´ LV WKH WUDQVGLVFLSOLQDU\ GHYHORSPHQW RI PRGHOV
PHWKRGV DQG WRROV IRU FUHDWLQJ LQQRYDWLYH 3URGXFW6HUYLFH
6\VWHPV 7KH SULQFLSDO REMHFWLYHV DUH WR LPSURYH WKH
HIIHFWLYHQHVV DQG HIILFLHQF\ RI LQQRYDWLRQ SURFHVVHV IRU
3URGXFW6HUYLFH 6\VWHPV $QDO\]LQJ F\FOHV LQWHJUDWHV
GLVFLSOLQHVSHFLILF SHUVSHFWLYHV RQ LQQRYDWLRQ SURFHVVHV DQG
WDNHV LQWR DFFRXQW FKDQJHV LQVLGH DQG RXWVLGH FRPSDQLHV
&\FOLF YLHZV RQ LQQRYDWLRQ SURFHVVHV FDQ EH DOVR IRXQG LQ
>@±>@7KH IRFXV RI WKH LQYHVWLJDWLRQV LV RQ UHRFFXUULQJ
SDWWHUQV DQG WKHLU FRQWHQWUHODWHG DQG WHPSRUDO GHSHQGHQFLHV
IRUGLIIHUHQWGLVFLSOLQHVLQFRPSDQLHVIURPWKHPDQXIDFWXULQJ
VHFWRU7KH&ROODERUDWLYH5HVHDUFK&HQWHU¶VVWUDWHJ\RYHUWKH
WKUHH SODQQHG IXQGLQJ SHULRGV LV GHVLJQHG DURXQG WKH
³8QGHUVWDQG 0RGHO 0DQDJH´ WULDG SURSHU WR LQQRYDWLRQ
SURFHVVHV 7KH NH\ SULQFLSOH JXLGLQJ WKH VWUDWHJ\ LV D
WUDQVGLVFLSOLQDU\ DSSURDFK WR REWDLQ UHVXOWV YLD FORVH
LQWHJUDWLRQ RI WKH YDULRXV GLVFLSOLQHV LQYROYHG 7KH UHVHDUFK
FRQGXFWHGLQWKHLQGLYLGXDOVXESURMHFWVLVWUDQVGLVFLSOLQDU\RI
D IXQGDPHQWDO QDWXUH DQG RULHQWHG WRZDUGV UHVROYLQJ FOHDU
FKDOOHQJHV IDFHG E\ LQGXVWU\ 7KH JRDO RI WKH &ROODERUDWLYH
5HVHDUFK&HQWHULVWRHQDEOHFRPSDQLHVWRVXFFHVVIXOO\FDUU\
PSS
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RXW LQQRYDWLRQ SURFHVVHV E\ PHDQV RI DQDO\]LQJ PRGHOLQJ
DQG VKDSLQJ WKH FRQWHQWUHODWHG DQG WHPSRUDO
LQWHUGHSHQGHQFLHVWKDWDUHWKHFDXVHRISUREOHPV>@±>@
3. Methodology 
7KH LQLWLDO LQIRUPDWLRQ IRU WKH GHYHORSPHQW RI WKHPRGHO
JULG ZDV FDSWXUHG ZLWKLQ D ZRUNVKRS LQYROYLQJ DOO
SDUWLFLSDQWV RI WKH UHVHDUFK FHQWHU &RQVHTXHQWO\ WKLV
LQIRUPDWLRQ ZDV UHILQHG E\ LQGLYLGXDO ZRUNVKRSV ZLWK DOO
PHPEHUV RI WKH UHVHDUFK FHQWHU WR EHFRPH D PRUH GHWDLOHG
XQGHUVWDQGLQJ DERXW HDFK H[LVWLQJPRGHO'XULQJ WKH SHULRG
RIWKHVHLQGLYLGXDOZRUNVKRSVDGHWDLOHGPRGHOJULGKDVEHHQ
LWHUDWLYHO\ GHYHORSHG $IWHUZDUGV WKLV PRGHO JULG ZDV
UHYLHZHGE\WKHFROOHFWLYHRIWKHUHVHDUFKFHQWHU
%DVHGRQ WKLV UHYLHZ WKHPRGHOJULGZDVXVHG WR DQDO\]H
WKH FROODERUDWLRQZLWKLQ WKH UHVHDUFK FHQWHU 7KHUHE\ JUDSK
EDVHGDVZHOODVPDWUL[EDVHGDQDO\VLVPHWKRGVZHUHDSSOLHG
LQFOXGLQJFODVVLILFDWLRQFOXVWHULQJDQGUHDOORFDWLRQPHWULFV
)LJLOOXVWUDWHVWKHJHQHUDOSURFHGXUHRIWKLVUHVHDUFK


)LJ3URFHGXUHRIWKHUHVHDUFK
4. Model grid 
:LWKLQ WKLV VHFWLRQDGHWDLOHGH[SODQDWLRQRI WKHDSSURDFK
WR GHULYH WKH PRGHO JULG DV ZHOO DV WKH FRQGXFWHG DQDO\VLV
SURFHGXUHVDUHSUHVHQWHG
 'HYHORSPHQWRIWKHPRGHOJULG
 6FRSLQJ
'XHWRWKHLQWHUGLVFLSOLQDU\QDWXUHRIWKHDQDO\]HGSURMHFW
DWILUVWDFRPPRQXQGHUVWDQGLQJKDGWREHHQVXUHG7KLVDOVR
LQFOXGHG WKH ELJ SLFWXUH RI WKLV ZRUN LQ IRUP RI WKH DLP RI
VXSSRUWLQJ FROODERUDWLRQ EHWZHHQ WKH UHVHDUFK JURXSV DQG
WKHLUPRGHOV7KHUHIRUHWKHFRPPRQDJUHHPHQWRQGHILQLWLRQV
RILPSRUWDQWZRUGLQJKDGWREHYHULILHG7KLVDVVXUHGWKDWWKH
SDUWLFLSDQWVRIWKHYDULRXVUHVHDUFKJURXSVZLWKLQWKHGLIIHUHQW
RUJDQL]DWLRQDO XQLWVRXWRI KHWHURJHQHRXVGLVFLSOLQHV KDG WKH
VDPHXQGHUVWDQGLQJ+HUHE\WHUPVVXFKDVEDVLFDQGVSHFLILF
PRGHOVSURFHGXUHVDQGUHODWLRQVLQDQGEHWZHHQPRGHOVZHUH
FRPSUHKHQVLYHO\ FODULILHG )XUWKHUPRUH D JHQHUDO GHILQLWLRQ
RI LQWHUIDFHV ZDV GHYHORSHG LQ RUGHU WR HQDEOH D FRQVLVWHQW
LQWHUSOD\RIWKHPRGHOVDVWKHPRGHOJULGJUHZ
 :RUNVKRS
7KH DFWXDO FROOHFWLRQ RI GDWD VWDUWHG ZLWK D ZRUNVKRS
'XULQJWKLVZRUNVKRSDOOPHPEHUVRIWKHUHVHDUFKFHQWHUZHUH
SUHVHQW 2Q WKH RQH KDQG WKH NLFNRII DQG WKH RFFXUULQJ
GLVFXVVLRQV FRQVROLGDWHG WR FRPPRQ XQGHUVWDQGLQJ RI WKH
PHPEHUV2Q WKHRWKHU KDQG WKLVZDV LGHQWLILHG DV DZD\ WR
FROOHFW D ILUVW FRPSUHKHQVLYH VHW RI LQIRUPDWLRQ DERXW WKH
H[LVWLQJPRGHOVZLWKLQ D VKRUW WLPH WR HVWLPDWH WKH VFRSHRI
WKH PRGHO JULG DQG TXLFNO\ LGHQWLI\ LQLWLDO LVVXHV $V IDU DV
PRGHOV ZHUH DOUHDG\ NQRZQ WKH ZRUNVKRS ZDV XVHG WR
HVWDEOLVK D FRPPRQ EDVH ZLWK UHJDUG WR QRPHQFODWXUH DQG
GHJUHHRIDEVWUDFWLRQ
2YHUDOOWKUHHW\SHVRIPRGHOVFRXOGEHLGHQWLILHG
x 0RGHOVRIRQHUHVHDUFKJURXS
x &RPPRQPRGHOVRIWZRRUPRUHUHVHDUFKJURXSV
x ,QVWDQFHVRIPRGHOVGHYHORSHGZLWKLQFROODERUDWLRQVRI
UHVHDUFKJURXSV
$OOPRGHOVZHUHFROOHFWHGDQGLQFRUSRUDWHGLQD[
PDWUL[ )RU HDFKSRVVLEOH FRPELQDWLRQRI WZRPRGHOV LWZDV
GHWHUPLQHGLI WKHUHLVDQLQWHUIDFHEHWZHHQWKHVHWZRPRGHOV
RU QRW $GGLWLRQDOO\ WKH GLUHFWLRQ RI HDFK LQWHUIDFH ZDV
GHILQHGZLWKLQWKHIROORZLQJWKUHHFDWHJRULHV
x 8QLGLUHFWLRQDOJHQHUDO
x 8QLGLUHFWLRQDORQHPRGHOLVLQVWDQFHRIRWKHUPRGHO
x %LGLUHFWLRQDO
$W WKH HQG RI WKH ZRUNVKRS DQ LQLWLDO VHW RI PRGHOV ZDV
LGHQWLILHG FODVVLILHG DQG LQWHUIDFHV EHWZHHQ WKHVH PRGHOV
ZHUHGHWHUPLQHGRQDPHGLXPDEVWUDFWLRQ OHYHOEDVLV ,Q WKH
SUHVHQFH RI XQFHUWDLQW\ DERXW D PRGHO RU LWV LQWHUIDFHV WKH
PRGHOZDVVWLOOLQFRUSRUDWHGLQWKHPRGHOJULGEXWPDUNHGDV
XQFHUWDLQ 7KHVH PRGHOV ZHUH XQGHU VSHFLDO FRQVLGHUDWLRQ
GXULQJ WKH QH[W VWHS RI LQWHUYLHZV ZLWKLQ LQGLYLGXDO
ZRUNVKRSV DQG XSGDWHG LI QHFHVVDU\ $GGLWLRQDOO\ IRU HDFK
PRGHOPRGHORZQHUVZHUHGHILQHGWRHQDEOHWKHQH[WSKDVHLQ
IRUPRIRQHWRRQHLQWHUYLHZVEHWZHHQWKHUHVHDUFKHUVDQGWKH
PRGHORZQHUV
 ,QGLYLGXDO,QWHUYLHZV
'XULQJ WKH LQGLYLGXDO ZRUNVKRS SKDVH WKH SUHYLRXVO\
FROOHFWHGGDWDZDVUHILQHG:KLOHWKHPRGHORZQHUVRQO\KDG
D IHZ PLQXWHV IRU WKHLU GHFLVLRQV ZLWKLQ WKH SUHYLRXV
ZRUNVKRSRQHWRWZRKRXULQWHUYLHZZLWKHDFKPRGHORZQHU
ZHUHVFKHGXOHG7KLVVKRXOGDOORZWKHPWRH[WHQVLYHO\ WKLQN
DERXW HDFK PRGHO LWV QDPH GHJUHH RI DEVWUDFWLRQ DQG
LQWHUIDFHV 'XULQJ WKHVH LQWHUYLHZV WKH PRGHO JULG
VLJQLILFDQWO\ FKDQJHG (VSHFLDOO\ VWXG\LQJ KRZ WKH RWKHU
PHPEHUV RI WKH UHVHDUFK JURXS GHILQHG WKHLU PRGHOV KDG
VWURQJ LQIOXHQFH RQ WKH GHFLVLRQV RI WKH LQWHUYLHZHHV 7KLV
ZDV QHFHVVDU\ DV D ODUJH SDUW RI WKH PRGHOV ZHUH EDVHG RQ
FROODERUDWLRQVRIUHVHDUFKJURXSVDQGWKXVWKHRQHVLGHKDGWR
NQRZ KRZ WKH VLGH GHILQHG WKHLU FROODERUDWLRQ 7KLV SURFHVV
LQFUHDVHGWKHXQGHUVWDQGLQJKRZWKHFRPPRQPRGHOILWVLQWR
WKHRYHUDOOPRGHOJULG
 5HYLHZ
:LWKLQ PRGHOLQJ FRPPXQLWLHV LW LV FRPPRQO\ DFFHSWHG
WKDW PRGHOV KDYH WR EH SURSHUO\ GRFXPHQWHG WR HQVXUH
WUDQVSDUHQF\DERXWPRGHOLQJDVVXPSWLRQVDQGUHSURGXFLELOLW\
RI WKH PRGHOLQJ SURFHVV WR DVVHVV WKH PRGHO¶V TXDOLW\ DQG
VFRSH>@:LWKLQWKHFRQWH[WRIWKHLQWHJUDWLQJPRGHOJULGD
Scoping
Workshop
Individual Interviews
Review
Analysis of the model grid
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GRFXPHQWDWLRQ VKHHWZDVGHYHORSHG DQGKDG WREH ILOOHGRXW
E\ DOO PRGHOV :LWK UHJDUG WR WKH GLIIHUHQW GLVFLSOLQHV
LQYROYHGLQWKHUHVHDUFKFROODERUDWLRQWKHIRFXVZDVWRGHULYH
HDV\WRXQGHUVWDQGGRFXPHQWDWLRQVRIHDFKPRGHODQGQRWRQ
GHWDLOHGGRFXPHQWDWLRQRIDOOPRGHODVSHFWV
7DEOHVKRZVWKHFDWHJRULHVRIWKHGRFXPHQWDWLRQVKHHW
7DEOH&DWHJRULHVRIWKHGRFXPHQWDWLRQVKHHW
1DPH 1DPHRIWKHPRGHO
'HVFULSWLRQ :KDWLVWKHLQSXWDQGRXWSXWRIWKHPRGHO":KLFK
REMHFWVDUHUHSUHVHQWHGE\WKHPRGHO"
$LPRIWKHPRGHO :KDWLVWKHSXUSRVHRIWKHPRGHO":KDWLVWKH
DSSOLFDWLRQVFHQDULRRIWKHPRGHO":KDWVKDOOEH
LPSURYHG"
5HSUHVHQWDWLRQE\ +RZLVWKHPRGHOLPSOHPHQWHGRQDWHFKQLFDOEDVLV"
,VLWEDVHGRQDVSHFLILFPRGHOLQJODQJXDJH"
$ELOLW\RI
H[SHULPHQWDWLRQ
:KLFKSDUDPHWHUVREMHFWVUHODWLRQVFDQEHYDULHG
ZLWKLQWKHPRGHO")RUZKLFKSXUSRVH":KDWLVWKH
RXWFRPHRIH[SHULPHQWDWLRQ"
,OOXVWUDWLRQ 0HDQLQJIXOLOOXVWUDWLRQRIWKHPRGHO

$Q H[HPSODU\ GRFXPHQWDWLRQ VKHHW RI WKH PRGHO ³$ 
6WUXFWXUDOPRGHORI366\FOH´LVVKRZQLQ)LJ


)LJ([HPSODU\GRFXPHQWDWLRQVKHHWRI³$6WUXFWXUDOPRGHORI366\FOH´
$IWHU DOO PRGHOV ZHUH GRFXPHQWHG E\ WKH GRFXPHQWDWLRQ
VKHHWVWKHFXUUHQWVWDWHRIWKHPRGHOJULGZDVUHYLHZHGE\WKH
FROOHFWLYH RI WKH UHVHDUFK FHQWHU )RU WKH UHYLHZ WKH PRGHO
JULG DV ZHOO DV WKH GRFXPHQWDWLRQ VKHHWV ZHUH JLYHQ WR WKH
UHYLHZHUV WRDOORZ WKHP WRKDYHDFFHVV WR WKHFRPSOHWHGDWD
IRU WKHLU UHYLHZV7KHSULPDU\ WDVN IRUHDFK UHYLHZHUZDV WR
YHULI\ WKH PRGHOV RI WKHLU RZQ UHVHDUFK JURXS DQG WKH
UHODWLRQV RI WKHVH PRGHOV WR RWKHU PRGHOV 7KHUHE\ WKH
GRFXPHQWDWLRQVKHHWVVHUYHGWKHSXUSRVHWRHDVLO\YHULI\LIWKH
UHODWHGPRGHOZLWKLQWKHPRGHOJULGLVHTXDOWRWKHPRGHOWKH\
KDG LQ PLQG ZKHQ GRFXPHQWLQJ WKH UHODWLRQ ,I TXHVWLRQV
DURVHWKH\ZHUHGLVFXVVHGZLWKLQWKHZKROHJURXSWRHQVXUHD
FRPSUHKHQVLYHPRGHOXQGHUVWDQGLQJRIHYHU\RQHLQYROYHG
%DVHG RQ WKH LQSXW IURP WKH UHYLHZZRUNVKRS WKHPRGHO
JULGZDV IXUWKHU UHILQHG)LJ  SUHVHQWV WKH FRPSOHWHPRGHO
JULG ,W FRQVLVWV RI PRGHOV DQG UHODWLRQVEHWZHHQ WKH
PRGHOV



)LJ2YHUYLHZRIFRPSOHWHPRGHOJULG
)LJVKRZVD]RRPLQLQWRDSDUWRIWKHPRGHO$VFDQEH
VHHQHDFKPRGHOLV LOOXVWUDWHGE\QDPHDQGFRORU7KHFRORUV
UHSUHVHQW WKH WKUHHSURMHFWDUHDVRI WKHFROODERUDWLYHUHVHDUFK
FHQWHU WKH ³RZQLQJ´ UHVHDUFK JURXS EHORQJV WR 3URFHVV
)RXQGDWLRQV UHG &UHDWLQJ 6ROXWLRQV EOXH DQG 0DUNHW
2ULHQWDWLRQJUHHQ<HOORZLQGLFDWHVWKHWUDQVIHUSURMHFWVIRU
WUDQVIHUULQJ UHVXOWV RI WKH FROODERUDWLYH UHVHDUFK FHQWHU LQWR
LQGXVWU\ ZKLFK DFFRPSDQ\ HDFK IRXQGLQJ SHULRG DQG JUH\
UHSUHVHQWVVKDUHGPRGHOVRIGLIIHUHQWDUHDV
$GGLWLRQDOO\HDFKUHODWLRQLVODEHOHGE\WKHW\SHRIUHODWLRQ
DQG WKH GLUHFWLRQ RI WKH UHODWLRQ EHWZHHQ WKH PRGHOV LV
LQGLFDWHGWRR


)LJ=RRPLQRIDFHUWDLQDUHDLQWKHPRGHOJULG
Structural model of PSSycle
Description:
The model itself consists of several structural models in different stages of the 
development of the PSSycle project and represents the behavior of development 
processes in its entirety. It constitutes an extension of classical structural models by 
the component of time in order to represent the dynamics of development processes. 
Relationships between development, requirements and development of components 
in software, hardware and service depicted.
Aim:
Analysis of the temporal development of the PSSycle project and identification of 
influencing factors. The model forms the base for the development of a System 
Dynamics model of PSSycle development process in order to test various scenarios.
Representation by:
Multiple-Domain-Matrices
Ability of experimentation:
Relations between elements (development, requirements and development of 
components in software, hardware and service) as well as the elements themselves 
can be modified to see what affects the development process. This allows the 
identification of critical elements.
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 $QDO\VLVRI366LQQRYDWLRQSURFHVVEDVHGRQPRGHOJULG
$IWHU WKH LPSOLFDWLRQV IURPWKHUHYLHZZHUH LQFRUSRUDWHG
WKH PRGHO JULG ZDV DQDO\]HG WR XQGHUVWDQG WKH PRGHO
VWUXFWXUH ZLWKLQ WKH FROODERUDWLYH UHVHDUFK FHQWHU DQG WR
FODVVLI\WKHPRGHOVWUXFWXUH7KHPRGHOJULGZDVDQDO\]HGE\
WZRGLIIHUHQWPHWKRGVJUDSKEDVHGDQGPDWUL[EDVHGDQDO\VLV
PHWULFV
 *UDSKEDVHGDQDO\VLV
$V D ILUVW VWHS RI WKH JUDSKEDVHG DQDO\VLV HDFK PRGHO
ZLWKLQ WKH LQWHJUDWLQJ PRGHO JULG LV DVVHVVHG EDVHG RQ LWV
LQFRPLQJ DQG RXWJRLQJ UHODWLRQV WR RWKHU PRGHOV :LWKLQ
JUDSKWKHRU\ WKHSURGXFWRILQFRPLQJDQGRXWJRLQJUHODWLRQV
LV FRQVLGHUHG WKH FULWLFDOLW\ 7KH KLJKHU WKH FULWLFDOLW\ RI D
PRGHOWKHPRUHLPSRUWDQWLWLVIRUWKHQHWZRUN>@
$GGLWLRQDOO\ FDOFXODWLQJ WKH FULWLFDOLW\ RI HDFK PRGHO
DOORZVUHDOORFDWLQJWKHPRGHOVZLWKLQWKHPRGHOJULGEDVHGRQ
WKHLU FULWLFDOLW\ 7KLV PHDQV WKH PRUH FULWLFDO D PRGHO WKH
PRUH FHQWUDO LW LV ZLWKLQ WKH PRGHO JULG 7KLV UHDOORFDWLRQ
DOORZV WR HDVLO\ VHHLQJZKLFKPRGHOV DUHPRUH LPSRUWDQW WR
WKH QHWZRUN DQG ZKLFK PD\ EH YHU\ VSHFLILF PRGHOV 7KLV
HQDEOHV LGHQWLI\LQJ DUHDV ZKHUH DGGLWLRQDO PRGHOV DQG
UHODWLRQV PD\ EH QHFHVVDU\ LQ WKH FRQWH[W RI LQQRYDWLRQ
SURFHVV RI 3660RUHRYHU WKHPRGHOV DUH FRORUHG EDVHG RQ
WKHLUFULWLFDOLW\RQDVFDOHIURPUHGYHU\FULWLFDOWRJUHHQQRW
VR FULWLFDO )LJ  LOOXVWUDWHV D ]RRPLQ LQWR WKH UHDOORFDWHG
DQGFRORUHGPRGHOJULG7KLVIRUPRIWKHPRGHOJULGVHUYHVDV
SRVVLELOLW\ WR LGHQWLI\ RYHUODSV LQWHUIHUHQFHV DQG VKDUHG
PRGHOVRUUHVRXUFHVDQGSRWHQWLDOV\QHUJLHV


)LJ5HDOORFDWHGDQGFRORUHGPRGHOJULGEDVHGRQWKHPRGHOFULWLFDOLW\
7KH LOOXVWUDWLRQ RI WKH FRPSOHWH UHDOORFDWHG DQG FRORUHG
PRGHOJULGFRQWDLQVDORWRILQIRUPDWLRQ8VXDOO\WKHXVHUVRI
WKHPRGHOJULGDUHRQO\LQWHUHVWHGLQSDUWVRIWKHJULGRUHYHQ
RQH VSHFLILF PRGHO DQG LWV UHODWLRQV 7KHUHIRUH WKH UHVW RI
LQIRUPDWLRQ FDQ EH IDGHGRXW DQG RQO\ RQH PRGHO DQG LWV
UHODWLRQV WR RWKHU PRGHOV FDQ EH LOOXVWUDWHG (VSHFLDOO\ IRU
FULWLFDO PRGHOV WKLV LOOXVWUDWLRQ RIIHUV LQWHUHVWLQJ LQVLJKWV WR
WKHSDUWLFXODUVWDNHKROGHUV)LJVKRZVDQH[HPSODU\FULWLFDO
PRGHODQGLWVUHODWHGPRGHOV$OVRIRUHDFKUHODWHGPRGHOWKH
FRORULQGLFDWHVLWVRZQFULWLFDOLW\


)LJ&ULWLFDOHOHPHQW³$6\V0/0HFKDWURQLFV´
 0DWUL[EDVHGDQDO\VLV
7KH JUDSKEDVHG YLHZ RI WKH PRGHO JULG FDQ EH HDVLO\
WUDQVIRUPHGLQWRDPDWUL[EDVHGYLHZ>@7KHPDWUL[EDVHG
YLHZ RIIHUV WKH EHQHILW RI DGGLWLRQDO DQDO\VLV PHWULFV $
YDULHW\RIFRPSOH[LW\PHWULFVH[LVWZLWKLQPDWUL[ WKHRU\ WKDW
FDQ EH DSSOLHG WR PRGHO JULG VHH >@ IRU DQ RYHUYLHZ
(VSHFLDOO\ FOXVWHULQJ DOJRULWKPV VRUWLQJ RI HOHPHQWV E\
DFWLYLW\ SDVVLYLW\ DQG LGHQWLI\LQJ SDUWLFXODU QHWZRUN
FRQVWUXFWVVXFKDVOHDIHOHPHQWVDUHZLGHO\XVHG>@
)LJ  SUHVHQWV WKH PDWUL[EDVHG YLHZ RI WKH PRGHO JULG
:LWKLQ WKH FROODERUDWLYH UHVHDUFK FHQWHU WKLV YLHZ LV
H[WHQVLYHO\ XVHG WR LGHQWLI\ FOXVWHUV RI PRGHOV &OXVWHUV DUH
DJJUHJDWLRQV RI YDULRXV PRGHOV ZLWK KLJK LQWHUQDO DQG ORZ
H[WHUQDO FRPPXQLFDWLRQ 7KLV PHDQV JURXSV RI PRGHOV WKDW
DUH ODUJHO\ LQGHSHQGHQW IURP RWKHU DUHDV %HVLGHV WKDW
GHSHQGHQFLHV LQWHQVLWLHV DQG GLUHFWLRQV RI FRQQHFWLRQV DUH
FOHDUO\LQGLFDWHG,QWHUIHUHQFHVDQGRYHUODSVZKLFKPLJKWQRW
KDYH EHHQ FRQVLGHUHG VR IDU FDQ EH LGHQWLILHG ZLWKLQ WKH
PDWUL[EDVHGYLHZZKLFKDOORZVIRUDGGLWLRQDOFROODERUDWLRQV
DQGV\QHUJLHV


)LJ'60RIWKHLQWHJUDWLQJPRGHOJULG
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$QDGGLWLRQDODQDO\VLVSRVVLELOLW\RIWKHPDWUL[EDVHGYLHZ
RQWKHPRGHOJULGLVDIHHGIRUZDUGDQDO\VLVZKLFKFDQEHXVHG
WRLGHQWLI\PRGHOFKDLQV6WDUWLQJIURPRQHPRGHORI LQWHUHVW
WKH PRGHO FKDLQ LOOXVWUDWHV ZKLFK PRGHOV DUH UHODWHG WR WKLV
PRGHODQGDOVRZKLFKPRGHODUHUHODWHGWRWKHUHODWHGPRGHO
0RGHO FKDLQV DUH HVSHFLDOO\ KHOSIXO IRU FKDQJH
PDQDJHPHQW DV WKH\ LOOXVWUDWH DOO PRGHOV WKDW PD\ EH
LQIOXHQFHGE\DFKDQJHZLWKLQWKHSDUWLFXODUPRGHORILQWHUHVW
5. Discussion 
7KH DSSURDFK RI WKH LQWHJUDWHG PRGHO JULG IRU 366
LQQRYDWLRQ SURFHVVHV VHUYHV DV D WRRO WR FUHDWH DQ LQWHJUDWHG
PRGHO XQGHUVWDQGLQJ DQG LPSURYH WKH LQWHUFRQQHFWHGQHVV RI
PRGHOV ZLWKLQ WKH UHVHDUFK FROODERUDWLRQ ³6)% ´ 7KH
PRGHO JULGRIIHUV D YLHZRQPRGHOVZLWKLQ WKH FROODERUDWLYH
UHVHDUFKFHQWHUWKDWFDQEHHDVLO\XQGHUVWRRGE\WKH LQYROYHG
GLVFLSOLQHV 7KH GRFXPHQWDWLRQ VKHHWV IRU HDFK PRGHO DOORZ
HYHU\ PHPEHU WR HDVLO\ XQGHUVWDQG WKH PRGHOV DQG WKXV WKH
UHVHDUFK IRFXV RI HDFK SDUWLFLSDWLQJ UHVHDUFK JURXS
$GGLWLRQDOO\ WKHPRGHO JULG FDQ EH XVHG WR IXUWKHU LPSURYH
WKH LQWHUFRQQHFWHGQHVV RI WKH LQYROYHGPRGHOV*UDSKEDVHG
DV ZHOO DV PDWUL[EDVHG DQDO\VLV PHWKRGV FDQ EH DSSOLHG WR
LGHQWLI\ VSHFLILF W\SHV RI PRGHOV VXFK DV KLJKO\
LQWHUFRQQHFWHGRUFULWLFDOPRGHOV)XUWKHUPRUHLWVXSSRUWVGDWD
VKDULQJ EHWZHHQ LQGLYLGXDOPRGHOV DQG SHUVRQV LQ FKDUJH DV
ZHOODVZKROHGRPDLQV
0RVW LWHUDWLRQ ZDV FDXVHG E\ WKH IDFW WKDW WZR LQYROYHG
SDUWLHV RI RQH UHODWLRQ KDG GLIIHUHQW YLHZV RQ WKH UHODWLRQ
)URP WKH WLPH SHUVSHFWLYH WKLV ZDV D QHJDWLYH LQIOXHQFH
QHYHUWKHOHVVIURPWKHFRPPRQXQGHUVWDQGLQJSHUVSHFWLYHWKLV
ZDV KLJKO\ LPSRUWDQW DV WKH PRGHO JULG VXSSRUWHG LQ
DVVLPLODWLQJ WKHVH GLIIHUHQW SRLQWV RI YLHZ 'HULYLQJ
FRPPRQO\DJUHHGGHILQLWLRQVILUVWZDVFKDOOHQJLQJGXHWRWKH
YDULRXV GLVFLSOLQHV LQYROYHG +RZHYHU FRPPRQ
XQGHUVWDQGLQJ LV NH\ SUHUHTXLVLWH IRU FROODERUDWLRQ LQ
DFDGHPLFDVZHOODVLQGXVWULDOHQYLURQPHQWV
6. Conclusion and outlook 
7KLV SDSHU SUHVHQWV WKH GHYHORSPHQW RI DQ LQWHJUDWLQJ
PRGHOJULGZLWKLQDFROODERUDWLYHUHVHDUFKFHQWHU,QWHJUDWLQJ
PRGHO JULGV HQDEOH WKH LOOXVWUDWLRQ DQG PDQDJHPHQW RI
FRPSOH[LW\LQLQWHUGLVFLSOLQDU\PRGHOQHWZRUNV
7KH PRGHO JULG ZLWKLQ WKLV ZRUN UHYHDOV ZKLFK PRGHOV
LQWHUDFW ZLWK HDFK RWKHU DQG GHILQHV LQWHUIDFHV EHWZHHQ WKH
PRGHOV WR HQDEOH GDWD FRQWLQXLW\ EHWZHHQ WKHVH PRGHOV RI
GLIIHUHQWGLVFLSOLQHV7KLVDOORZVLQFUHDVLQJWKHRYHUDOOV\VWHP
XQGHUVWDQGLQJ RI DOO SDUWLFLSDQWV HQDEOHV IRU H[SOLFLW
UHSUHVHQWDWLRQ RI H[LVWLQJ NQRZOHGJH ZLWKLQ DQG IRU WKH
LQQRYDWLRQSURFHVVDQGVXSSRUWVGDWDDQGLQIRUPDWLRQVKDULQJ
EHWZHHQWKHPRGHOV$GGLWLRQDOO\WRFODVVLFPRGHOVUHJDUGLQJ
WKHLQWHUQDOVLWXDWLRQRIWKH366LQQRYDWLRQSURFHVVWKHPRGHO
JULG LQWHJUDWHV PRGHOV WKDW FRYHU WKH VRFLRWHFKQLFDO
HFRQRPLFDQGSDWHQWVLWXDWLRQDW WKHHQYLURQPHQWRI WKH366
LQQRYDWLRQ SURFHVV DV ZHOO DV VSHFLILF FXVWRPHU EHKDYLRU
7KHUHE\ WKH FROOHFWLYLW\ RI WKHVH PRGHOV DOORZV IRU DQ
HQKDQFHG YLHZRQ366 DQG FDQ FUHDWH VLJQLILFDQW EHQHILWV LI
DSSOLHGWRLQGXVWULDO366LQQRYDWLRQSURFHVVHV
$V WKH ZRUN SUHVHQWHGZLWKLQ WKLV SXEOLFDWLRQ LV RQJRLQJ
UHVHDUFK IXUWKHU DWWHQWLRQ LV FRQFHQWUDWHG RQ GDWD FRQWLQXLW\
DQG GDWD UHGXQGDQF\ )URP DQ LQGXVWULDO SRLQW RI YLHZ WKH
UHGXFWLRQRIWKHDPRXQWRIPRGHOVZLWKRXWORVVRILQIRUPDWLRQ
ZRXOGEHGHVLUDEOH
$QRWKHU SRLQW WKDW KDV WR EH IXUWKHU LQYHVWLJDWHG LV WKH
HIIRUW WR EHQHILW UDWLR :LWKLQ WKH DFDGHPLF VHWWLQJ RI WKLV
ZRUN WKHPRGHO JULG VLJQLILFDQWO\ FUHDWHG EHQHILW:LWKLQ DQ
LQGXVWULDO DSSOLFDWLRQ WKH YDOXH RI WKLV EHQHILW KDV WR EH
DVVHVVHG DJDLQVW LWV HIIRUW LQ FUHDWLQJ WKH LQWHJUDWLQJ PRGHO
JULG
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